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STATIC STABILITY AND CONTROL OF CANARD CONFIGURATIONS
AT MACH NUMBERS FROM O.70 TO 2.22 - LATERAT.-
DIRECTIONAL CHARACTERISTICS OF A
TRTIANGULAR WING AND CANARD

By Victor L. Peterson and Gene P. Menees
SUMMARY

Results of an investigatlion of the static lateral-directionsl
stabllity cheracteristics of a canard airplane configuration are presented
without anslysis for the Mach number range of 0.70 to 2.22. The configu-
ration consisted of s trlangular wing and trisnguler cansrd both having
an aspect ratio of 2.0, a low aspect ratlio vertical tail, and = fineness
ratio 12.5 Sears-Hasck body. The hinge l1ine of the canard was in the
extended wing chord plane, 1.21 wing mesn aerodynemic chords shead of the
reference center of moments. The ratio of the area of the exposed canaxrd
panels to the total area of the wing was 6.9 percent. Dabta are presented
for various combinetions of the canard, body, wing, and vertical tail.
These data were obteined at angles of attack from -6° o +18° at 0° and +5°
sideslip angles and at a:ngles of attack of gpproximately 0° and +10° a:b
sidesl%p angles from -8° to +10°. The cenard was set at angles from 0°
to +20

INTRODUCTION

The possible gains that can be realized at supersonic speeds by the
use of canards rather than tail aft controls include reduced trim drag
and Increased maneuvergbility. Because of the incressed interest in these
axrangements, an extensive research program aimed at determining the static
longitudinal, lateral, and directional characteristics of a number of
canard configurations has been undertaken at the NACA Leborstories. This
report 1ls one of & series pertaining to the program and presents without
anslysis the static lateral-directional stabllity characteristics from the
Ames Laboratory for one complete confilguration and its component parts.
The configuration consisted of a triangular wing and triangular cenard
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both heving an aspect ratlo of 2.0, a Sears-Haack body of fineness
ratio 12.5, and a low aspect ratio vertical tall. The results for this
same configuration showing the longitudinal stabllity and control char-
acteristics have been presented in reference 1. Other phases of the
Ames investigation are reported in references 2 through 4.

NOTATION

b wing span, £t

mean serodynamic chord of“wing, £t

ol

Op  drag coefficient, dz;g

Op,  1lift coefficient, Liit

gs

pitching moment
gsSc
Jectlon of the 0.21¢ point on the fuselage reference line

S pitching-moment coefficient, » referred to the pro-

rolling moment
gSb

Cy rolling-moment coefficient,

yawing-moment coefficient, yaving moment

Cn 450
Cy side-force coefflicient, E}_df%f_f j
Qs

c

£5: difference between rolling moment &t 5° sideslip and O° sideslip
B divided by 5°, per deg

4Cn difference between yawing moment a:b 50 sideslip and O° sideslip
B divided by 5°, per deg

= difference between side force at 5 sid.eslip and O° sideslip divided
B by 5°, per deg

M free-stream Mach number

q free-stream dynamic pressure, lb/sq_ hin vl

A
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S wing ares formed by extending the leading and trailing edges tc the
plane of symmetry, sqg £t

a angle of attack of wing root chord, deg

B sideslip angle measured between relstive wind and verticael plane of
symmetry, deg

o] angle of deflection of the cansxd with respect to the extended wing
chord plane, positive when trailing edge is down, deg

Configurations are denoted by the following letters used in combina-
tion:

B body
c canard

v vertical taill
W wing

APPARATUS AND MODEL

Test Feclility

The experimentsl data were obtained in the Ames 6- by H-foot super-
sonic wind tunnel which is & closed-circuit variable-pressure type with
a Mach number range continuous from 0.70 to 2.22. A recent modification
involved perforaeting the test~section floor and celling snd adding a
boundary-layer removel system to enable wmiform flow to be maintained at
transonic and low supersonic speeds. At the same time injector flaps
were installed downstream of the test section to extend the upper Mach
number limit by reducing the required compresslon ratlio across the nozzle
and by better matching the weight flow characteristics of the nozzle wlth
those of the compressor.

Anglysis of the results of an extensive survey of the modified wind-

tunnel characteristics, although incomplete, is sufficiently complete to
establish the validity of the results of the present Investigation.

Description of Model and Balance

The sting-mounted model (fig. 1(a)) consisted of an aspect ratio 2.0
triangular wing, an aspect ratio 2.0 moveble triangular canard, and a low
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aspect ratlo vertical tall all mounted on a fineness ratlo 12.5 Sears-
Haack body. A dimensional sketch of the model 1s shown in figure 1(b).
The wing and vertical tail had NACA 0003-63 sections streamwise and the
constant thickness canard, detailed in figure 1(c)}, had beveled leading
and tralling edges. The canard, which was pivoted sbout the 0.35 canard
mean aerodynamic chord, was mounted in the extended wing chord plane
1.2l wing mean aserodynamic chords ahead of the reference center of moments
(0.218). The ratlo of the area of the exposed canard panels to the total
ares of the wing wes 6.9 percent and the ratlo of the total asreas was
12.9 percent. The wing, canard, and vertical tail were of solid steel
construction to minimize aeroelastlic effects. The surfaces were polished
to gilve s smooth surface and further treated to prevent corrosion.

The fuselage was cut off as shown in figure 1(b) to accommodate the
sting and the six~-component strain-gege balance which measured forces
and moments on the entire configuration. The canard, wing, and vertical
tail were removable, enabling dats to be taken which would permlit an eval-
uation of the contribution of each of the component parts of the model
and the interference between parts.

TEST AND PROCEDURES

Range of Test Varlables

For convenlence, table I 1s presented showing the complete range of
variables for each of the configurations tested. Data were taken at Mach
numbers of 0,70, 0.90, 1.00, 1..10, 1.30, 1.70, and 2.22 both through an
angle-of-attack range with sideslip angle constant and through an angle-
of-sldeslip range with angle of attack constant. The test Reynolds number
based on the wing mean aerodynemic chord was 1.84 milliion at Mach numbers
of 1.00 and 1.10 and 3.68 million st all other Mach numbers. The smsller
Reynolds number at transonic speeds was necessary because of model
structural limitations.

At the relatively low Reynolds numbers at which most wind tumnels
operate, extensive regions of laminar flow can exist on models at zero
lift. At 1ifting conditions the transition points on the wing, canard,
and vertlcal tall usually move forward, thus ceusing a change in friction
drag with changing 1ift coeffilicient which is difficult to evaluate and,
moreover, not necessarlly representative of full scale. In order to
Induce transition at fixed locations on the component parts, a 0.010-inch-
diameter wire was placed on the wing end 0.005-inch-dismeter wlres were
affixed to the cansrd and vertical tail in the locations shown in fig-
ure 1(b). When the model was tested with the canard off, a 0.010-inch-
diameter wire was located on the body 4 inches from the nose. The wire
sizes were selected on the basis of the results of reference 5. Although
there 1s no concluslve evidence as to the magnitude of the form
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drag-coefficient increment contributed by the transition wlres, previous
studies have indicsted this increment to be not more than 0.0010. All
of the dats presented herein are with transition fixed.

Reduction of Dsta

The data presented hereln have been reduced to standerd NACA coeffi-
cient form. The rolling-moment, side-force, yawing-moment, and pitching-
moment coefflelents were computed about the body axes and the 1ift and
drag coeffiliclents were referred to the wind axes. The yawing-moment and
pitching-moment coefficients were referred to the 0.21 point of the wing
mean gerodynamic chord. This locatlon was chosen so that the minimm
longitudinal static margin in the range of trim 1ift coefficlents between O
and 0.6 throughout the Mach number range investigated was 0.03¢. Factors
vwhich affect the accuracy of the results are discussed in the followlng

paragraphs.

Stream variations.- Surveys of the stream characteristics of the

Ames 6- by 6-foot supersonic wind tunnel showed that, in the region of
the test section, essentlally no stream curvature existed along the tun-
nel center line in the vertical plane (pitch plane of the model) and that
the axial static-pressure variations were usually less than *1 percent of
the dynamic pressure. This static-pressure variation resulted in negli-
&glble longitudinsel-buoyancy corrections to the drag of this model. On
the basis of these £indings no correctlions for stream curvature or static-
pressure variation were made in the present investigation.

The results of these surveys also showed that a stream angle exdisted
along the tunnel center line in the vertical plane. Similar results show-
ing a stream angle of less than %0.3° throughout the Mach number range
were obtalned from tests of the model mounted in a horizontal position on
the tunnel center line (B = 0°) and pitched in the vertical plane. No
data were avallable elther from stream surveys or model tests to determine
the latersl deviliations of the stream; however, in view of the smell devia-
tions from s wmiform stream messured in the vertical plane, they alsc are
believed to be small. Therefore, the data at 0° sideslip which were
obtained with the model mounted in the horlzontal position were corrected
only for the stream angles in the pitch plane. Since the data of primary
interest at these conditions, end particularly the drag, are sensitive to
stream angle changes in the pltch plane, it was considered necessary to
meke these corrections. Onrn the other hand, the 1ift, drag, and pltching-
moment characteristics do not vary appreclably with smsll sideslip angles
so that these coefficlents would be only slightly affected if smell
sideslip angles did exist.

The data at a constant sideslip angle of 5° were cbtained by mounting
the model in & horizontal position on a sting bent off the tunnel center
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line and again pltching in the vertical plane. The testing at variable
sldeslip angles where asngle of attack was held constant was achieved by
mounting the model in a wing vertical position on O° and 10° bent stings,
regpectively. With the model mounted in these attitudes to obbain
lateral-directional data, results were not avallable which would permit
stream angle correctlions 1n elther the pltch or yaw planes to be spplied
to these deta. However, the latersl-directional charscteristics, which
are of primary interest at these test conditions, would not be appreclably
affected by the exlstence of smsll stresm angles in either the pitch or
yaw planes.

Support interference.- The effects of model support interference on
the aerodynamic characteristics were considered to consist primerily of
a change in the pressure at the base of the model. The drag data pre-
sented herein contain no base drag component slunce the base pressure was
measured end the drag was adjusted to correspond to that in which the base
pressure is equal. to the free-stream statlec pressure; therefore, no
corrections were made to take into account support interference.

Tunnel-wall Interference.- The effectiveness of the perforations in
the wind-tunnel test section In preventing choking and sbsorbing reflected
disturbances at transonic and low supersonlec speeds has been established
experimentally. Unpublished data from the wind-tunnel calibration Iindi-
cate that reliable data can be obtalned throughout the Mach number range
1f certaln restrictions are imposed on the model size and attitude. The
configuration and methods of testing used 1n the present investigation
conform to these restrictions so that the data at transonlc and low super-
sonlc speeds are reasonebly free of Interference effects. Thus, no
corrections for wall interference have been made,’

RESULTS

The results are presented In this report without analysis in order
to expedite publication. All of the experimental results are tabulated
in tables II through V. An Index for these tabulated resuits is pre-~
sented in table I. Certain of the datsa are plotted in figures 2
through 8 both at constant angles of sidedlip and constant angles of
attack.

The effect of confilguration changes on the rolling-moment, side-force,
and yewing-moment coefficients is shown in flgure 2 at constant sideslip
sngles and in figures 3 and & at congtant angles of attack. The effect
of canard deflections on the lateral-directlional charscteristics is
shown in figure 5 at constant sideslip angles and In figures 6 and T at
constant angles of attack. A comparison of the lateral~directional data
taken at constant sideslip angles and at constant angles of attack shows
reasonably good agreement with a few exceptions. These exceptions can,

L
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in general, be broken into several groups; one vherein separated flow
might exist on the model and, therefore, the results could critlcally
depend on the masnner in which the attitude of the model wes epproached
(e.g., see the rolling-moment results of flgures 2(a) and 2(b) at

a = 10.5°). Second, in certain model attitudes off the tunnel center
line, for exsmple B = 5°, reflected waves from the tunnel side walls
could strike the vertical tall at Mach numbers of 1.3 and below and
cause discrepancies between the two sets of data. (See the results of

Pigure 5(d).}

As noted previously the mamner in which the two sets of data were
taken posltioned the model in different perts of the wind tunnel. Some
of the small differences in the data might be attributable to the differ-
ences in the type of flow that exists in the various parts of the tummnel,
No corrections were gpplled to the data off the tunnel center line 1o
take into account stream irregularities.

The basic stability parsmeters, AC1/B, ACy/B, and ACL/B are summa-
rized in figure 8 as a function of Mach number at several angles of abttack.
These results were obtained from the results taken at constant sideslip
angles in order to obtaln values for an angle of attack of 18°.

Ames Aeronautical Laboratory
Natlonal Advisory Caomnlttee for Aeronsutics
Moffett Field, Callf., Dec. 18, 1957
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TABLE I.- RANGE OF TEST VARTABLES FOR CONFIGURATIONS TESTED

@, 5, B, Tabulsted data,

Configuration deg deg deg table no.
BVWC -6 to +18{0, 9.7, 19.5 0 IT(a)
BVW IT(b)
BVC 0, 9.7, 19.5 IT(c)
BV 11(4)
BVWC -6 to +18|0, 9.5, 19.7 5 III(a)
BYW ITI(Db)
BWC 0, 9.7, 19.7 IIT(c)
BW IIT(a)
BVC 0, 9.7, 19.7 IIT(e)
BC 0, 10.0,19.7 IIT(f)
BV III(g)
B -8 to +10 ITi(h)
BVWC 0 0, 9.7, 19.71-8 to +10 v(a)
BVW V(D)
BWC 0, 9.7, 19.7 v(e)
BW v(a)
BVC 0, 9.7, 19.7 Iv(e)
BC 0, 9.7, 19.7 v (f)
BV v (e)
BVWC 10.5 {0, 9.7, 19.7]-8 to +10 v(a)
BVW v(b)
BWC 0, 9.7, 19.7 v(e)
BW v(d)
BVC 10.2 {0, 9.7, 19.7 v(e)
BC 0, 9.7 v(z)
BV v(g)




NACA RM ASTLS

10

TARLE II.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT O° SIDESLIP

(a) BVWC
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TABLE ITT.- AERODYNAMIC CHARACTERTSTICS OF CONFIGURATIONS AT
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TABLE ITI.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT
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5° SIDESLIP - Continued
(e) BVC - Concluded

TABLE ITT.- AFERCDYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT
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(f) BC - Concluded

TABLE ITT.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT
5° SIDESLIP - Continued
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TABLE TIT.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT
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TABLE ITT.- AERODYNAMIC CHARACTERTSTICS OF CONFIGURATIONS AT
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TABLE IV.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT O° ANGLE
OF ATTACK - Continued
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TABLE IV.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT O° ANGLE
OF ATTACK - Continued
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TABLE IV.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT O° ANGLE
OF ATTACK - Continued
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TABLE IV.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT Q° ANGLE

OF ATTACK - Continued
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TABLE IV.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT O° ANGLE

OF ATTACK ~ Continued
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TABLE IV.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT O° ANGLE
OF ATTACK - Concluded
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TABLE V.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT APPROXIMATEL.Y
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TABLE V.- AERODYNAMIC CHARACTERISTICS OF UONFIGURATIONS AT APPROXIMATELY
10° ANGLE OF ATTACK - Continued
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TABLE V.-
AFRODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT APPROXTMATELY

inued

1090 ANGLE OF ATTACK - Cont
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10° ANGLE OF ATTACK - Continued

TABLE V.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT APPROXIMATELY
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TABIE V.- AERODYNAMIC CHARACTERTSTICS OF CONFIGURATIONS AT APPROXTMATELY

(e) BVG; o = 10.2°

10° ANGLE OF ATTACK ~ Continued
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10° ANGLE OF ATTACK - Continued

TABLE V.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT APPROXIMATELY
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APPROXTMATELY

(g) BV; o = 10.2°

10° ANGLE OF ATTACK - Concluded

TABLE V.~ AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT
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(a) Photograph of model.

Figure l.- Model detalls and dimenslons.
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(b) Dimensional sketch of complete model.

Figure l.- Continued.
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(c) Details of canard.

Figure 1l.=- Concluded.
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Figure 2.~ The effect of confilguration changes on the latersl-directional
stability characteristice as a fumiction of angie of attack at constant
sldeslip angles. :
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Figure 2.~ Contlnued.
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